The gerbil displays sex determined differences in packed red-cell volume, haemoglobin level, total leukocyte count and absolute number of circulating lymphocytes. The erythrocytes demonstrate a prominent polychromasia and frequent occurrence of basophilic stippling.
as possessing considerable potential for biological and clinical laboratory studies.
Since only a limited amount of haematological data is available for this species, and because it has been reported that gerbil blood manifests certain characteristics not generally observed in other rodents (Ruhren, 1965; Mays, 1969) , the work reported below was undertaken.
MATERIALS AND METHODS
Complete blood counts were performed on 25 male and 25 female healthy sexually-mature Mongolian gerbils (Meriones unguiculatus) lightly anaesthetized with ether. Samples of blood were obtained from the retro-orbital venous plexus by means of heparinized capillary pipettes inserted into the orbit via the medial canthus of the eye. All samples were collected between 0730 and 0900 hours.
Generally 3 micropipettes were used per animal. Blood collected in one capillary pipette was immediately sealed and used for packed red-cell volume (PC V) determination by means of microcentrifugation.
Another pipette was used for the haemoglobin determination and differential count.
Blood samples for total leukocyte counts were obtained in 20 III pipettes and were determined on suspensions of 20 III blood in 1·98 ml 3 % glacial acetic acid. Cell counts were performed using both chambers of a 'bright-line' haemocytometer.
Haemoglobin levels were determined spectrophotometrically by the cyanmethaemoglobin technique. Differential counts were performed by identifying at least 100 leukocytes from dry-film smears made directly from the capillary tube in which the blood was collected.
The smears were stained with May-Grunwald and Giemsa stains. Blood (1 drop) for reticulocyte counts was mixed with 3-4 drops of new methylene blue stain (Brecher, 1949) , allowed to incubate for 10 min in a moist chamber at 20°C, and then used to make the dry-film smears. 1000 erythrocytes were examined and the number of cells containing a reticulum was recorded. The number of polychromatophilic and stippled red cells were also counted while examining 1000 erythrocytes (rbc) in the smears stained with May-Grunwald and Giemsa stains. The data was evaluated statistically using Student's t test.
In addition, blood samples from 10 other adult gerbils were examined with an electronic counter (Model S; Coulter Electronics Inc, 590 West 20th Street, Hialeah, Florida 33010, U.S.A.) to determine the haemoglobin, haematocrit, leukocyte and erythrocyte counts, as well as erythrocyte indices.
RESULTS
The means, ranges and standard deviations for the blood cell values of the 25 male and 25 female gerbils are presented in Table 1 . The average haemo- A corresponding relationship was seen in the haematocrits; males 47'5%, females 45·8% (P<O·OOI). The reticulocyte levels (mean 31-33/1000 rbc) showed no significant differences between the sexes. Overtly polychromatophilic erythrocytes were frequently seen on the May-Grunwald-Giemsa-stained blood films (approximately 17/1000 rbc examined for both males and females) as were cells that demonstrated basophilic stippling (7-8/1000 rbc). Again there was no significant malefemale difference.
There were both stippled and polychromatophilic red blood cells in all blood films.
Total circulating leukocytes were about 12 100 and 9700 cells per mm 3 for males and females respectively (P<O·OOI).
The absolute numbers of heterophils, eosinophils, basophils and monocytes were of the same order for both sexes. Conversely, a marked difference in the absolute number of circulating lymphocytes was noted (male average 9 500, female average 7000 cells/mm 3, P<O,OOI).
As in the total leukocyte count, there was an overlapping in the ranges found in the lymphocyte levels in the sexes. Nevertheless, the highest individual counts found for both total white blood cell and lymphocyte counts were seen in a male, while the lowest were seen in a female.
DISCUSSION
In the present study the total number of circulating lymphocytes for males exceeded that for females by a factor of 1-34, as compared to 1·75 reported by Mays (1969) , who first emphasized that the leukocytosis in the male was due to a relative and absolute lymphocytosis.
An interesting and perhaps relevant observation regarding male-female leukocyte counts is the fact that a leukopenia has been described for rats and mice in oestrus (Chapman, 1968; Schermer, 1967) . Chapman also observed that the lymphopenia in mice could be abolished by adrenalectomy.
Thus although circulating leukocyte values in the gerbil tend to show some sexual variation, perhaps dependent upon hormonal influences, the aetiology of this variation has yet to be definitely established.
The haemoglobin values obtained in this study compare favourably with those of Ruhren (1965) , while Mays (I 969) found that an 'interfering' lipaemia frequently gave him erroneously high values for his older animals.
The lipaemia was considered to be of dietary origin and was not observed in this study. Higher haemoglobin levels are often observed in the males of some species including the gerbil and are frequently attributed to the greater muscle mass of the male. It does appear, nevertheless, that relatively higher haemoglobin levels are not invariably observed in male rodents.
For example, it is Schermer's (1967) opinion, based upon a review of the work of several investigators, that no precise sex-determined haemoglobin or erythrocytic differences are demonstrable in the white rat or mouse.
The blood film of the gerbil is characterized by a prominent polychromasia and frequent basophilic stippling of the erythrocytes.
Polychromatophilic erythrocytes ranged from 0,4 to 3·2 % of the circulating red blood cells and, as might be expected, they were slightly larger than the older orthochromatic cells. While Mays (1969) did not attempt to quantitate these overtly polychromatophilic cells, Ruhren (1965) noted a number of 'basophilic' erythrocytes. These can most likely be considered synonymous with the polychromatophilic cells in the present study. His reported ranges were 8-37 cells and 4-32 cells per 1000 erythrocytes examined for adult males and females respectively. In our study the reticulocytes totaled an average of 3·2 % of circulating red cells. No sex differences were identified.
This morphological pattern is consistent with the relatively short half-life of "lCr-labeled gerbil erythrocytes (n5 days) and their limited mean survival span (47 days) as determined by DF 3 2p tagging techniques (Dillon & Glomski, 1975) .
Another characteristic of the gerbil erythrocyte is the frequent occurrence of discrete particulate basophilic stippling.
Stippled cells were noted in all animals studied: 2-16 stippled cells were identified per 1000 erythrocytes. Ruhren's (1965) values for 13-month-old gerbils were similar (0-22/1000 cells), while be found lower values (0-5/1000 cells) in young and intermediate-aged animals.
Ruhren was unable to demonstrate any haemosiderin or Feulgenpositive material in these cells, while May (1969) does not mention this cell type. In 94% of the gerbils examined by Najarian (1961) the erythrocytes were infected with an organism tenatively designated as Haemobartonella sp. Photographs of the infected cells showed them to be morphologically similar to stippled cells.
The above information suggests the need of definite characterization of the nature of basophilic stippling in future studies.
If this is indeed cytological evidence of an infection then it appears to be of epizootic proportion.
It is of interest to note that all gerbils used by American investigators are derived from a colony established by Schwentker in 1954. Since the animals used in the present study appeared actively healthy and were obtained from at least 3 separate sources there is some indication that, if a widespread infection does exist, it is not associated with any particular pathological state. On the other hand the possibility that the stippling may represent precipitated cytoplasmic ribonucleoprotein needs to be investigated. This suggestion receives some support from the observation that newborn gerbil blood smears demonstrate very numerous polychromatophilic erythrocytes and exceedingly prominent basophilic stippling.
The latter is much more prominent both in incidence and in number of particles per cell (R. A. Smith, personal communication).
The results of the electronic examination of gerbil blood were not included in Table 1 because it was more limited and the technique so different.
Nevertheless they did correlate well with those obtained by other procedures. This is of interest because the haematocrit values are obtained by mathematical analysis of the number and size of erythrocytes counted rather than by centrifugation.
The data supported the concept that the gerbil erythrocyte, like that typically found in rodents, is very numerous (8·42 X 106/mm 3 blood, s.d. ± 0,42) and has a relatively small mean corpuscular volume (54'6 11m 3, s.d. ± 2·06). The mean corpuscular haemoglobin and mean corpuscular haemoglobin concentration obtained here were 17·7 pg, s.d. ± 0'8, and 32·4 %, s.d. ± 0·81 respectively. These erythrocytic indices are in excellent agreement with those given by May (1969) .
The study of the haematological parameters of the gerbil revealed that its peripheral blood picture has noteworthy differences from that observed in other laboratory rodents.
The gerbil displays significant sex-linked differences in the packed red-cell volume, haemoglobin level, total leukocyte count and absolute number of circulating lymphocytes.
These findings are in accord with those of Mays (1969) with the exception that a significant difference in the heterophil counts was not observed in the present investigation.
Conversely, Ruhren's (1965) data does not yield strong support for the presence or absence of haematological sex differences.
This may in part be due to the fact that his experiments were directed towards the study of alterations in haematological values with age and because statistical analyses of the data were not reported.
However, his intermediate aged subjects (7 months) did show higher values in the males for the haematocrit, haemoglobin, total leukocyte and lymphocyte levels. It would thus appear that Ruhren's data suggests that these sex-linked differences may be apparent only in young adults. ACKNOWLEDGEMENT The electronic studies were performed by Miss Angela Messina: the authors are grateful for her participation in this investigation. The study. was supported in part by a National Institutes of Health Biomedical Institutional Fund.
